The second generation total synthesis of the neo-clerodane diterpenoid, methyl barbascoate, was accomplished in seven or nine linear steps via double enol triflation and subsequent palladium catalyzed double carbonylation, followed by regioselective samarium diiodide mediated conjugate reduction.
Owing to the intriguing physiological activity of clerodane diterpenoids, such as hallucinogenic salvinorins [1] , synthetic studies of clerodane diterpenoids have attracted considerable attention of synthetic organic chemists [2] . As a part of our ongoing study for the total syntheses of clerodane natural products, we previously reported the total syntheses of methyl barbascoate (1) [3] and subsequently salvinorins A (2) [4] and F (3) [5] (Figure 1 ).
Methyl barbascoate (1) was isolated from the ethanol extract of Croton californicus, which is a common plant in the Mohave Desert [6] . Although the exact biological activity of 1 is unexplored, the dry leaves were taken traditionally as a pain reliever for rheumatism, while the plant has been used by fishermen to poison fish. The issue for the total synthesis of 1 is stereoselective installation of the furo-lactone moiety, which has an unusual boat conformation due to an -equatorial furan ring. The total synthesis of methyl barbascoate (1) was accomplished for the first time in 16 steps from the allyldecalone 8 ( Figure 2 ), in which lactonic and ester moieties were introduced linearly step by step. Although the stereochemistry at C-8 was unequivocally controlled in the total synthesis, the lengthy synthetic sequence needed to be improved. As part of our study for the total syntheses of clerodane natural products, we delineate herein a more concise and expedient total synthesis of methyl barbascoate (1), according to the newly developed protocol for the total synthesis of salvinorins A (2) [4b] and F (3) [5] , namely double enol triflation and a subsequent palladium catalyzed double carbonylation protocol, followed by regioselective samarium diiodide conjugate reduction. The synthetic strategy is outlined in Scheme 1. Three contiguous stereocenters at C-5, 9 and 10 were controlled by reductive allylation of Wieland-Miescher ketone analogue 7.
Synthesis was started from the allyldiketone 8 [7] , which was prepared from enantiomerically pure Wieland-Miescher ketone derivative 7 [8] (Scheme 2). Treatment of the allyldiketone 8 with sodium bistrimethylsilylamide and N,N-bis(trifluoromethylsulfonyl)aniline provided bis-enol triflate 6 in 90% yield. Carbonylation of 6 was catalyzed smoothly by palladium tetrakis(triphenylphosphine) in the presence of diphenylphosphinoferocene as a ligand to afford bis-unsaturated ester 5 in 93% yield [9] . In order to introduce the 3-furyl-group, the double bond of the ester 5 was cleaved by a catalytic amount of osmium tetroxide in the presence of 2,6-lutidine [10] to give aldehyde 9 in 81% yield. Addition of the 3-furyl-group was a formidable task. After tuning a variety of reaction conditions ( Table 1) , addition of chlorotitanium(tri-isopropoxide) [11] proved to be effective to provide 12R-furylalcohol R-10 in 40% and 12S-furylalcohol S-10 in 54% yield in a ratio of 1:1.35 as a result of preferential re-face attack NPC Natural Product Communications Treatment of the 12R-alcohol R-10 with methanolic potassium hydroxide led to the unsaturated lactone 4 in 84% yield. The attempt of Mitsunobu inversion of the 12S-alcohol S-10 employing p-nitrobenzoic acid followed by hydrolysis resulted in the formation of the 12R-lactone 4 in 22% and the 12S-lactone 13 in 57% yields in a ratio of 1:2.6 probably via SN1 pathway. Fortunately, the Swern oxidation of a mixture of epimeric S-10 and the lactone 13 led to a mixture of ketone 11 and lactone 13, which was reduced by a large excess of Corey's CBS and BH 3 ·Me 2 S complex [12] to furnish R-10 in 61% yield. Relative stereochemistries of R-10 and S-10 were determined to final transformation to methyl barbascoate (1) and NOE measurement of furo-lactones 12 and 13, respectively.
After extensive tuning of the conjugate reduction with samarium diiodide [13], the double bond at C-7 of bis-unsaturated carbonyl compound 4 was reduced regioselectively and stereoselectively into lactone 12 in 44% yield along with 31% of recovered starting material 4 ( Table 1 , Entry 1, 52% based on recovered starting material), in which the stereochemistry at C-8 was determined to be S by NOESY correlation between the methyl group at C-9 and the methylene protons at C-7 ( Figure 2 ). The stereoselectivity is understood by the axial protonation to the intermediary lactonic samarium enolate. Regioselective reduction of the double bond at C-7 may be due to the fixed and thus distorted s-cis geometry of the unsaturated lactonic carbonyl moiety compared with the unsaturated group at C-3. Treatment of the diester 5 with either samarium diiodide or L-selectride resulted in preferential reduction of the less congested double bond at C-3, while an attempt at conjugate reduction of lactone 4 with L-selectride provided complex mixtures ( Table 2 , Entry 5). Although lactone 12 was a C-8 epimer of methyl barbascoate (1), it is known that the stereochemistry at C-8 could be equilibrated between C-8S and C-8R epimers in furo-lactone clerodanes [4b, 5, 14] . Actually, base catalyzed equilibration of 12 resulted in epimerization at C-8 to furnish methyl barbascoate (1) and 8S-epimer 12 in favor of 12 (1:12=1: 3.3). Spectral data of synthetic 1 were completely identical with the previously synthesized methyl barbascoate (1).
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Additionally, treatment of the 12S alcohol S-10 with potassium hydroxide led to lactone 13 easily (Scheme 3), in which its stereochemistry at C12 was determined to be S by nOe ( Figure 2 ). Reduction with samarium diiodide provided 12S-methyl barbascoate 14 and its 8S-epimer 15 in a ratio of 4.4:1.
In summary, we have completed an expedient new total synthesis of methyl barbascoate (1) in seven or nine linear steps from known allyldiketone 8 via double enol triflation and subsequent palladium catalyzed double carbonylation, followed by regioselective samarium diiodide mediated conjugate reduction.
